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Abstract 

Background:  In Japan, oral hypofunction has been recognized as a disease since 2018. An alternative to occlusal 
force testing for assessing oral hypofunction is the evaluation of the number of natural teeth. Subjective masticatory 
function testing, which evaluates the ease or difficulty in chewing foods, is an effective alternative to occlusal force 
testing. However, no reference values have been established for this test. We determined the reference values of the 
subjective masticatory function test and evaluated its potential as a substitute for the number of natural teeth for 
assessing oral hypofunction.

Methods:  The sample consisted of 184 older adults who visited the Department of Geriatric Dentistry, Showa Univer-
sity Dental Hospital, from July 2018 to January 2020. The subjective masticatory function test (table for evaluation of 
chewing function in complete denture wearers [Chewing Score 20]) was performed using 20 foods. The occlusal force 
test and a receiver operating characteristic curve were used to determine the reference values for Chewing Score 
20. The sensitivity, specificity, and positive and negative predictive values were calculated and compared with the 
occlusal force test and the number of natural teeth.

Results:  A significant correlation (r) was found between the occlusal force test and the Chewing Score 20 (r = 0.526, 
p < 0.001). The reference value for Chewing Score 20 was < 85. Although the Chewing Score 20 was less sensitive than 
the number of natural teeth, it demonstrated a higher specificity and a positive predictive value.

Conclusion:  Herein, a score of < 85 on the subjective masticatory function test was determined to be the optimal 
quantitative reference. The subjective masticatory function test may be used as an alternative for assessing oral 
hypofunction.
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Background
Physical frailty and oral frailty are known to be interre-
lated. Several studies have shown an association between 
physical frailty, reduced occlusal forces (involves malnu-
trition and oral frailty), and the number of teeth [1–7]. 

The Japanese Society of Gerodontology published a posi-
tion paper on oral hypofunction in 2016 [8]. In March 
2018, oral hypofunction was recognized as a disease in 
Japan and has since been included in the health insurance 
system. In 2019, the Japan Dental Association drafted a 
manual for addressing oral frailty in dental clinics, in 
which the concepts of oral frailty and oral hypofunction 
were presented to dentists.
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The concept of oral frailty has been revised since its 
introduction. In the conceptual scheme of aging-asso-
ciated oral hypofunction in 2016, oral frailty was estab-
lished as the second stage, which on worsening led to oral 
hypofunction. In 2018, “oral frailty” was established as a 
catchphrase to raise public awareness and represented a 
decline in oral function, which manifested as slight chok-
ing, spillage of food while eating, and decreased articu-
lation. In 2019, oral frailty was defined on the basis of 
Fried’s model of frailty as, “a series of processes and 
phenomena in which a reduced interest in oral health, 
diminished mental and physical capacity, age-related 
changes in oral status (number of teeth, oral hygiene, oral 
function), and exacerbated oral fragility leads to eating 
dysfunction that affects frailty and results in decreased 
physical and mental functioning” [9].

The assessment of oral health status in older adults 
includes oral hygiene, oral function, and the number of 
natural teeth. While oral hygiene and oral function are 
reversible, the number of natural teeth is an irreversible 
factor. Therefore, oral frailty is a reversible condition that 
includes an irreversible element.

Tests for measuring chewing ability include those that 
evaluate food digestion, food breakdown, occlusal con-
tact areas, and electromyography [8, 10–22] Occlusal 
force analysis is the standard reversible test for oral hypo-
function, which examines the bite force and masticatory 
performance. A decrease in the number of natural teeth 
(excluding root stumps and teeth with grade 3 mobility) 
is associated with reduced occlusal forces [23, 24]. How-
ever, the number of natural teeth, which is an alternative 
for assessing oral hypofunction, involves an irreversible 
component. Therefore, the standard and alternative test 
for oral hypofunction differ in nature.

The subjective masticatory function test assesses the 
masticatory performance based on the masticatory effi-
ciency evaluation table. The test evaluates the ease or 
difficulty in chewing selected foods based on a self-
administered questionnaire. It examines the ability to 
break down both soft and hard foods and is therefore 
equivalent to occlusal force testing. The test is reversible, 
requires no special equipment, and can be conducted in 
a short time. However, quantitative scoring of the sub-
jective masticatory function test has not yielded opti-
mal reference values. Therefore, we aimed to determine 
the reference values of the subjective masticatory func-
tion test and evaluate its potential as an alternative to the 
number of natural teeth for assessing oral hypofunction.

Methods
Patients
The sample consisted of 184 new and returning patients, 
who were examined at the Department of Geriatric 

Dentistry, Showa University Dental Hospital, from July 
2018 to January 2020. The patients were treated for acute 
symptoms and provided written informed consent to 
participate in the study. Patients aged ≥ 65  years, first-
time patients following completion of acute symptom 
management, and first new patients were included. The 
exclusion criteria were age < 65  years, acute symptoms, 
and missing patient data. The study was approved by the 
Institutional Review Board of Showa University Dental 
Hospital (approval no. DH2018-032) and conformed to 
the Declaration of Helsinki on human research.

Tests
Subjective masticatory function test
The table for evaluation of chewing function in complete 
denture wearers (Chewing Score 20) was the subjec-
tive masticatory function test used in the present study 
(Fig.  1) [25]. The test consisted of a questionnaire that 
assessed the ability of the patients to chew 20 different 
foods.

Occlusal force test
Patients were asked to bite, using the entire dentition, on 
a pressure-sensitive film (Dental Prescale II®, GC Corpo-
ration, Tokyo, Japan) for 3 s; the occlusal force of the den-
tition was measured in maximal intercuspation [26–28]. 
The Dental Prescale II measures the maximum occlusal 
force of the entire dentition; thus, during the measure-
ment, occlusion of the entire dentition was ensured on 
the pressure-sensitive film. An occlusal force of < 500  N 
(without automatic cleaning by the pressure filter func-
tion) was used as the reference value [8]. In patients with 

Fig. 1  Subjective masticatory function test (Chewing Score 20)
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dentures, the test was performed with the dentures in 
place.

Number of natural teeth
The number of natural teeth, excluding root stumps and 
teeth with grade 3 mobility, were evaluated. The presence 
of < 20 natural teeth was used as the reference value.

Statistical analysis
Correlation (r) between the occlusal force test, Chewing Score 
20, and the number of natural teeth
The Shapiro–Wilk test was used to confirm the normality 
of the number of natural teeth data, as well those used 
for the occlusal force test and the Chewing Score 20. The 
number of natural teeth did not follow a normal distri-
bution, with p < 0.001. Correlations between the occlusal 
force test, Chewing Score 20, and the number of natural 
teeth were assessed using Spearman’s rank-correlation 
coefficient. The significance level was set at p < 0.05.

Determination of reference values for Chewing score 20
Using the receiver operating characteristic (ROC) curve, 
we determined the optimal quantitative values for Chew-
ing Score 20 based on the positive and negative occlusal 
force test results. The optimal cut-off values were deter-
mined using Youden’s J statistic.

Comparison of the occlusal force test and Chewing Score 20 
results and the number of natural teeth
The occlusal force test was compared with Chewing 
Score 20 and the number of natural teeth for sensitivity, 
specificity, and positive and negative predictive values.

All statistical analyses were performed using the IBM 
SPSS Statistics version 25.0 (IBM, Armonk, NY, USA).

Results
Of the 184 patients, 158 with no missing data were ana-
lyzed in the study. The sample included 61 males (mean 
age, 78 years; median age, 77 years) and 97 females (mean 
age, 78 years; median age, 80 years) with an age range of 
65–95 years.

Distribution of data for the occlusal force test, Chewing 
Score 20, and the number of natural teeth
The mean and median force measured in the occlusal 
force test was 534 N and 441 N, respectively. The mean 
and median points obtained using the Chewing Score 20 
were 71.8 and 72.5, respectively. The mean and median 
number of natural teeth was 14.

Correlations between the occlusal force test, Chewing 
Score 20, and number of natural teeth
Significant positive correlations were observed 
between the occlusal force test and Chewing Score 20 
(r = 0.526), Chewing Score 20 and number of natural 
teeth (r = 0.440), and the occlusal force test and num-
ber of natural teeth (r = 0.600) (Fig. 2).
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Fig. 2  a. Relationship between occlusal force test and Chewing 
Score 20; b. Relationship between Chewing Score 20 and the number 
of natural teeth; c. Relationship between occlusal force test and the 
number of natural teeth
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Determination of reference values for the Chewing Score 
20
The ROC curve was computed on the basis of the Chew-
ing Score 20 scores and the positive and negative occlusal 
force test results (Fig. 3). The area under the ROC curve 
(AUC) was 0.794 (an area closer to 1 signifies greater dis-
criminative capacity). The optimal cut-off values were 
calculated using the Youden’s J statistic; and the largest 
sum of sensitivity and specificity was considered appro-
priate. The highest and second-highest Youden’s J statis-
tic values were observed at the Chewing Score 20 scores 
of 87.5 and 72.5, respectively.

Comparisons of the occlusal force test and Chewing Score 
20 results and the number of natural teeth
Table 1 shows the cross-tabulation between the occlusal 
force test and the Chewing Score 20 results and the 
occlusal force test results and the number of natural 
teeth. The combined sensitivity, specificity, positive pre-
dictive value, and negative predictive value of the occlusal 

force test and Chewing Score 20 was 0.736, 0.731, 0.788, 
and 0.671, respectively. The combined sensitivity, speci-
ficity, positive predictive value, and negative predictive 
value of the occlusal force test and number of natural 
teeth was 0.813, 0.582, 0.725, and 0.696, respectively.

Discussion
Comparison of correlations between the occlusal force 
test, the Chewing Score 20, and number of natural teeth
Significant positive correlations (r > 0.440) were observed 
between the occlusal force test, Chewing Score 20, and 
number of natural teeth. These results indicate that low 
occlusal forces are correlated with low Chewing Score 
20 scores and a smaller number of natural teeth (Fig. 2). 
These results are consistent with those of previous stud-
ies that reported decreased occlusal forces in individuals 
with reduced number of natural teeth [23, 24]. This indi-
cates that similar results may be obtained irrespective of 
the test used.

Determination of reference values for the Chewing Score 
20
Determination of the cutoff for the Chewing Score 20 
has been attempted previously. In a study that evaluated 
the Chewing Score 20 using gummy jellies for measuring 
masticatory ability (UHA Mikakuto Co, Osaka, Japan) as 
an alternative test method for oral hypofunction, a cut-
off value of 70 was indicated. The limitation of this study 
was that the alternative method was used instead of the 
usual method of oral function testing; it is reasonable to 
use the usual method, The GLUCO SENSOR GS-II (GC 
Corporation, Tokyo, Japan) if it indicates a cutoff value 
for hypofunction of the oral cavity. Further, the Chew-
ing Score 20, which is a subjective masticatory function 
test, was compared with a test using gummy jellies for 
measuring masticatory ability, which is an objective mas-
ticatory function test. In the present study, the Chewing 
Score 20 was compared with a bite strength test, which is 
a more realistic test for evaluating the number of foods 
that can be chewed [29].

An AUC ≥ 0.7 is considered acceptable and indicates 
suitable diagnostic capability [30, 31]. The AUC in this 
study was 0.794, which indicates the suitable diagnostic 
ability of the Chewing Score 20. The highest and second-
highest peaks in the ROC curve were at the Chewing 
Score 20 scores of 87.5 and 72.5, respectively. Therefore, 
with 80 being a positive score and calculations done in 
increments of five, a score of < 85 was established as the 
reference value.

The different comparator-based cutoff values for simi-
lar tests may be caused by variation in the prevalence 
of the test of interest and regional differences. In this 
regard, studies with a larger number of participants are 

Fig. 3  Receiver operating characteristic (ROC) curve for occlusal 
force test and Chewing Score 20

Table 1  Cross-tabulation table of occlusal force test, Chewing 
Score 20, and the number of natural teeth

Occlusal force test

+ – Sum

Chewing score 20 + 67 18 85

– 24 49 73

Sum 91 67 158

The number of natural teeth + 74 28 102

– 17 39 56

Sum 91 67 158
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warranted to overcome demographic and geographic 
limitations.

Comparisons of the occlusal force test with the Chewing 
Score 20 and the number of natural teeth
A test demonstrating a sensitivity and specificity 
of ≥ 0.700 and ≥ 0.600, respectively, is acceptable for 
clinical use. In this study, the sensitivity and specificity of 
the Chewing Score 20 and the number of natural teeth 
were 0.736 and 0.731, and 0.813 and 0.582, respectively. 
Although the sensitivity of the Chewing Score 20 was 
less than the sensitivity of the number of natural teeth by 
0.077, the specificity and positive predictive value were 
higher by 0.149 and 0.063, respectively (Fig.  2). These 
results indicate that Chewing Score 20 is more effec-
tive than the number of natural teeth for assessing oral 
hypofunction.

One of the limitations of the present study was that 
determination of the reference value for Chewing Score 
20 was based on occlusal force testing. Therefore, the 
optimal quantitative scores for Chewing Score 20 may 
vary with the occlusal force test results. In addition, 
sex-specific reference values must be established to 
accurately assess the oral hypofunction. Different pros-
theses and their fit, and conditions such as xerostomia 
that cause difficulty in chewing certain foods, can con-
tribute to variations in the chewing scores. Further, the 
study had a single-center design and had demographic 
and geographic limitations with regard to the recruited 
patients. The age restrictions in the inclusion criteria may 
limit the generalizability of the results. A future multi-
center prospective study involving all age groups is war-
ranted to overcome the limitations of this study.

Conclusions
A score of < 85 on the subjective masticatory function test 
(Chewing Score 20) was determined to be the optimal 
quantitative reference for diagnosing oral hypofunction 
in the study participants. The Chewing Score 20, which 
is a reversible test, may be used to motivate patients to 
maintain and improve oral function. The results of this 
study indicate that Chewing Score 20 may serve as an 
alternative to the number of natural teeth for assessing 
oral hypofunction.
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